This study aimed to analyze the land survey maps and existing data to determine the vulnerable areas of the Kaynaşlı districts at risk in terms of natural disaster, as Kaynaşlı is located in a first-degree seismic zone. This three-phase study analyzed geological-geotechnical survey reports via the geographic information system (GIS) and applied them to Kaynaşlı Municipality in Düzce Province (Turkey). First, a non-digital raster suitability map based on a 2005 Kaynaşlı Municipality report was digitized via ArcGIS and used to conduct natural disaster risk analyses of Kaynaşlı. The 2112 buildings covered by the suitability map were then scanned and inventory information generated for each. Finally, using ArcGIS software, the digitized inventory information was superimposed on the suitability map. In Kaynasli, a total 2112 buildings were examined via street screening and their risk status was identified in terms of the terrain. Disaster and risk ratios were calculated and vulnerable areas were pinpointed. All the information obtained from the results of the analyses was shared with the local authorities. According to the physical inventory information, a sustainable data bank was created with the purpose of facilitating the necessary measures for disaster preparedness to be taken by the local authorities in Kaynaşlı. The model of this Kaynaşlı natural disaster risk study could be applied in other communities to assist in identifying vulnerable settlement areas.
Introduction
Experience and observations worldwide have shown that disaster management and the creation of disastersensitive communities could be achieved by effective institutional structuring, information sharing, developing education and awareness, planning risk reduction activities, and encouraging further research. Disaster prevention and preparedness are of great importance in the creation of disaster awareness in the population. The basic steps taken against natural disaster risks include hazard analysis, damage vulnerability assessments, identification of geo-environmental and socio-economic factors, and risk assessment with the subsequent generation of risk maps as an outcome [1] . In Bantul, Indonesia, earthquake mitigation studies have identified suitable areas for land usage by using geographic information systems (GISs) and remote sensing methods [2] . Thus, correct solutions can be generated by providing sustainable cooperation and sharing knowledge and skills within a given system in order to reduce the damage and losses caused by natural disasters [3] . A positive outcome and successful application of disaster management and risk mitigation can be achieved by ensuring public participation [4] . Turkey experiences frequent natural disasters due to its geological, topographic, and climatic characteristics. These disasters, and in particular earthquakes, cause heavy loss of life and property. According to the earthquake zone map of Turkey, 92% of the land is in an earthquake region and 95% of the population lives in earthquake risk areas; therefore, this reality necessitates being prepared for disasters at any moment [5] . Raising social awareness of ways to prevent natural events such as earthquakes from turning into disasters, along with ensuring the suitability of physical structures in residential areas and giving priority to risk reduction efforts, may lead to expectations of minimizing disaster damage [6] . In this context, studies using GIS are increasingly being carried out in order to reduce disaster risks. During the preparatory processes, applications of GIS methods can include identifying building damage likely to occur during seismic hazards [7] , conducting analyses of flooding areas [8] , and creating a map inventory of earthquake-triggered landslide areas [9] . In one example of this application, the ArcGIS program of GIS software was used for the modeling of low-risk and high-risk populations in the event of an earthquake disaster in China [10] . With the Geographic Information System, classifications can be made to the land or the surrounding area. As a result of the classifications made, flood and land use can be analyzed easily [11] . Turkey to take part in the earthquake zone is a country that should be prepared against earthquakes. For example, Turkey's largest city in İstanbul scientific and technical work is done for the expected major earthquake [12] . The aim of the present study was to reduce earthquake risks in terms of structural damage and to determine necessary preparedness measures by utilizing GIS methods. For this purpose, GIS disaster risk analyses of Kaynaşlı were conducted and the results obtained from the analyses and support for disaster preparation studies were shared with the Kaynaşlı Municipal authorities. Furthermore, this study model can be applied in other situations where populations are vulnerable to disaster risks.
Seismicity of Kaynaşlı
Kaynaşlı Municipality, a subdivision of Düzce Province (Fig. 1 ) is located in a first-degree seismic zone. Kaynaşlı suffered serious casualties when hit by the earthquake of 12 November 1999. This earthquake occurred as a result of the movement of the Düzce fault line in an east-west direction along the Akyazı-Bolu tunnel, which is parallel to the North Anatolian Fault (NAF) line. It was understood that the westernmost part of the 30-km long segment of the Düzce Fault was fractured during the 17 August 1999 earthquake, in which primarily the 40-km long eastern part of the line was ruptured [13] . The 12 November 1999 Düzce earthquake, at a magnitude of 7.2 and depth of 14 km, lasted for 33 seconds. During the earthquake, 316 people lost their lives and 543 eventually escaped with injuries. In this earthquake, 72% of the buildings in Kaynaşlı were damaged [14] . (Fig. 2) . The total damage assessment study of the Ministry showed that 840 of the 1457 heavily damaged or demolished buildings were located in the Merkez District [15] . Figure 2 shows the heavy destruction that occurred during the devastating Kaynaşlı earthquake. Some of the buildings were completely destroyed, while others were left leaning. Most of the collapsed structures consisted of high-rise buildings. Since the earthquake, the number of floors has been restricted to three as per the implemented reconstruction plan, and except for certain districts, detached (discrete) structures are now mandatory.
Methodology
For this study, first, the raster suitability maps in the geological-geotechnical survey reports prepared by the ZETA engineering project [16] were digitized using the ArcGIS program. The street screening method was used in the creation of the building inventory. The street screening procedure developed by Sucuoğlu (2007) [17] is a fast method of providing information about the strength and ability of buildings to withstand earthquakes by evaluating the negative parameters and assigning earthquake scores to the buildings according to these evaluations. In this way, it is possible to classify the surveyed buildings as high risk or low risk. In the study, the building information obtained via street screening was entered into the ArcGIS database and a risk map was created (Fig. 3) . The number of high-risk and low-risk structures was determined using the results of the earthquake building scores. At the same time, the number of people living in high-risk structures was found. The number of buildings and people at risk can be used as a base for developing the capacity for earthquake preparedness.
Street screening method and building earthquake scores
The street screening method is a fast technique whereby the risk status of a building can be found by observing its exterior for 10 minutes. The survey form used in the method was filled out for each building and the building earthquake score was thus obtained. In the evaluation of the buildings it was emphasized to the technical staff that they should pay careful attention to the survey form. The survey forms were completed separately for reinforced concrete, masonry and composite building types (Table 1) . After the questionnaire forms were completed, the building earthquake score was determined for each building according to the calculation tables. The calculation tables for reinforced concrete buildings are presented in Table 2 and for masonry and composite structures in Table 3 . In Table 2 , the PGV (peak ground velocity) is divided into three separate velocity zones. In the low ground classes the PGV, i.e., the rate of advancement in the seismic zone, is high, whereas in the case of sound ground, the PGV is low (Sucuoğlu, 2007) . In the study, low ground classes Z4 and Z3 were taken respectively as Velocity Zone I (PGV > 60 cm / s) and Velocity Zone II (PGV 40 < PGV < 60 cm / s). The more sound ground classes of Z1 and Z2, respectively, were taken as Velocity Zone III (PGV < 40 cm / s). The six different negativity parameters (soft floors, heaviness, visible quality, short columns, collision effect, and peak / slope effect) in Table 2 were rated according to the number of floors. The building earthquake score for reinforced concrete buildings was calculated as follows:
uilding Earthquake Score velocity zone score negativity parameters negation score Table 3 was used for masonry and composite buildings and includes the three velocity zones.
The velocity zones were selected according to the ground classes applied to the same reinforced concrete buildings. Velocity Zones II and III were on loose ground, while Velocity Zone I was on sound ground. The other four negativity parameters (visible quality, amount of wall clearance, wall spacing, and collision effect) were scored according to the floor height and survey evaluation of the building being inspected. According to the survey forms for masonry and composite buildings, the buildings were rated and the building earthquake score was calculated with the following formula: (Earthquake building score calculation for masonry and composite buildings)
Earthquake score velocity zone score negativity parameters negation score
High-and low-risk buildings according to building earthquake scores
Inventory information was taken according to the Kaynaşlı Municipality 2112 building survey form. The buildings examined comprised around 90% of all the residences of the settlement. The reliability of the study results was increased by the high percentage of buildings examined. Building earthquake scores varied between 1 and 150 points. Using this method can help those who work on risk limits to determine low-or high-risk buildings. When the building earthquake score rises, the risk ratio decreases; however, when it falls, the risk ratio increases. In the study, the risk limit was determined as 70 points. In other words, buildings with a building earthquake score of less than 70 were identified as high-risk, whereas buildings with 70 points or more were identified as low-risk. Accordingly, the high-risk building rates were determined in the seven districts where the study was conducted (Fig. 4) .
Figure 4. High-risk building rates according to district
According to the building earthquake scores, the greatest proportion of high-risk buildings (41%) was found in Kumluca District. The district determined to have the lowest proportion of high-risk buildings (1%) was Şimşir. The increased risk levels of the districts may have been determined by the pre-earthquake concentration of the buildings. Especially in the area of Şimşir, low-level (1-2-storey) houses were common and construction after the earthquake adhered to technical guidelines, thus reducing the risk ratio. According to the number of floors and number of flats of those buildings determined as high-risk by their earthquake scores, the numbers of people at risk were found. Based on the knowledge that an average family in Turkey consists of four people according to TurkStat data, four people were calculated per flat. Consequently, a total of 76 high-risk buildings were found according to the risk scores, and the number of persons at risk in these buildings was determined to be 1028.
Suitability map regions
On the map, three natural disaster risk areas were located: a fault line (with a 20-m buffer zone on each side), a landslide zone, and a flood zone (with a 10-m buffer zone on either side 
Suitability crıteria
The General Geological Plan and Geological-Geotechnical and Microzonation Survey Circular from the Directorate of Disaster Affairs [19] , outlines detailed preliminary studies and definitions relating to SAs, UAs and PAs, using the following definitions: Suitable Areas (SAs): Within the study area, except for earthquake situations, these do not bear any natural disaster hazard potential, any geological or geotechnical features or any engineering problems that could affect settlement suitability; these areas should be considered suitable for building construction with no further action needed. Precautionary Areas (PAs): Within the study area, due to natural disaster hazards and/or geologicalgeotechnical properties, specific measures need to be taken that may affect settlement suitability in these areas before and/or during construction. The details of recommended measures, their reasons and precautions are given in the subsections. Unsuitable Areas (UAs): Within the study area, due to natural disaster hazards and/or geotechnical problems, laws and similar reasons, or for economic or technical reasons, these are unsuitable areas. Therefore, they should not be considered as construction sites for any purpose, even if appropriate measures are taken. Explanations for designating these areas as UAs are clearly stated in the subsections.
After the conversion of the suitability map into numerical data, a data inventory was made of the construction dates (pre-and post-21 November 1999 earthquake) of the 2112 buildings surveyed by field application within the boundaries of the suıtability map of Kaynaşlı. The building information was then transferred to the ArcGIS database and overlaid with the digitized suitability map. In this way, the area of the suitability map in which each building was located was determined according to the addresses, and the current situation of the settlement was evaluated in terms of risk (Fig. 5 ). 
Building inventory and data collection
After conversion of the suitability map into digital data, 2112 buildings in Kaynaşlı within the suitability map boundaries were examined and processed with their inventory data and construction dates (pre-or postearthquake -12 November 1999). Later, the building information was superimposed onto the digitized suitability map and transferred to the database using ArcGIS software. Thus, it was possible to determine the zone in which each building belonged on the suitability map according to the address, and the buildings could Low-risk buildings
High-risk buildings
Risk Rating then be assessed in terms of risks. In this way, the location information and number of the buildings in unsuitable areas were compiled. The numbers of the buildings located in each suitability zone according to pre-and post-earthquake construction dates are given in Table 4 . 
Kaynaşlı: Structural analysis
There are seven districts in Kaynaşlı: Şimşir, Çele, Karaçalı, Merkez, Sarıyer, Kumluca and Eskiköy. According to data obtained from Kaynaşlı Municipality, there are a total of 2211 buildings in these districts (Fig. 6 ). Of these buildings, 2112 were within the scope of the suitability study and their inventory data were obtained and analyzed in the ArcGIS program. The pre-earthquake and post-earthquake distribution of buildings in all the districts of Kaynaşlı are illustrated graphically in Figure 7 , which shows that the majority of pre-earthquake buildings were constructed in Karaçalı (237) and the majority constructed post-earthquake were in Merkez. The reason for the existence of many pre-earthquake buildings in Karaçalı is that fewer buildings there were damaged during the earthquake. When Karaçalı was structurally analyzed, it was seen that most of the buildings had a garden layout structure (discrete layout structure) and were built in the traditional style, having only one or two floors. Therefore, the earthquake damage risk was low. However, in Merkez, the buildings of four or five floors were in adjacent layout and generally built in non-compliance with proper construction techniques and thus, had increased risk of damage in terms of earthquake suitability. As a result, during the 12 November earthquake, the greatest numbers of heavily damaged or destroyed buildings were located in the Merkez district of Kaynaşlı. Figure 7 . Distribution of pre-and post-earthquake buildings in the Kaynaşlı districts
Şimşir
Şimşir is located in the west of Kaynaşlı, partially bordering the upper part of Çele, with which it bears a resemblance as regards the form of the land, which is steep and hilly. The altitude of the district varies between 130 and 300 m. It is a very large district, with one part located in a flat region dissected by the D-100 highway and another portion lying on the fault line. When the building structures were examined according to their date of construction, the pre-earthquake and post-earthquake building rates were somewhat similar, with 44.83% (117) built pre-earthquake and 55.17% (144) post-earthquake. In Şimşir, a total of 18 buildings are located in a suitable area and seven in an unsuitable area. The remaining buildings are located in Precautionary areas. Local authorities should conduct detailed studies of the seven buildings located in unsuitable areas, and they should be evaluated for either demolishment or strengthening reinforcement.
Çele
In Çele, a total of 227 buildings were examined. Most of the buildings were constructed post-earthquake. The increased number of post-earthquake buildings is due to the presence of permanent residences (59 buildings) constructed by the Ministry of Environment and Urban Planning in 2004 for the citizens whose buildings were destroyed in the 12 November earthquake, with approximately 550 people presently living in them. An examination of the number of pre-earthquake and post-earthquake buildings in Çele showed that after the earthquake, 167 buildings were constructed, while only 60 were built before the earthquake. The area is suitable for settlement; therefore, post-earthquake building numbers (73.57%) are higher than those of preearthquake buildings. Approximately 26% (59) of the post-earthquake buildings comprise permanent housing. In Çele, post-earthquake building construction increased due to the availability of suitable areas, thus boosting the dependability of Çele in terms of settlement potential. This was corroborated by survey results showing that 61% of residential buildings were constructed in these suitable areas. A detailed study should be carried out concerning the 15 buildings located in unsuitable areas. Pre-earthquake Post-earthquake
Karaçalı
Karaçalı is situated close to the town center in a flat area, and 398 (81%) of the buildings in the district were examined. According to the Ministry of Environment and Urban Planning Damage Assessment Report dated 21 December 1999, 143 buildings were destroyed or heavily damaged, 11 moderately damaged, 29 lightly damaged and 308 undamaged in Karaçalı after the November 12 earthquake. The buildings in Karaçalı are constructed with gardens and are generally two-storey, traditional-type houses. Therefore, in the November 12 earthquake, there was not a great amount of building damage, so the number of pre-earthquake buildings in Karaçalı (237) is greater than the number of post-earthquake buildings constructed in the district. According to the suitability map, 16 buildings were found to be constructed in suitable areas and six located in unsuitable areas. Most of the buildings in the district are located in precautionary areas. Performing a structurally-detailed data collection survey relating to the six buildings located in unsuitable areas would be an appropriate measure.
Sarıyer
Within the Sarıyer survey, 305 buildings were examined. Sarıyer is the smallest among the districts, but in terms of residency, it is an active district near to the town center. According to the abovementioned Ministry report, 125 buildings were destroyed or heavily damaged, 67 moderately damaged, 63 lightly damaged and 179 undamaged buildings in Sarıyer post-earthquake. According to the suitability map, there are no unsuitable areas located in Sarıyer, so 69 buildings were found to be in suitable areas, while the remaining buildings are located in precautionary areas. Despite the lack of unsuitable areas in the district, the number of destroyed or heavily damaged buildings was high after the November 12 earthquake. This demonstrates that a number of the buildings were likely in non-compliance with the construction techniques and codes required by the geological features.
Merkez
In Merkez, located in the center of Kaynaşlı, 98% of the 558 buildings in the neighborhood were examined within the survey context. Merkez is the most crowded district, as evidenced by the population and the number of buildings. According to the Ministry report, 840 destroyed or heavily damaged buildings were identified in Merkez postearthquake. Merkez suffered the most severe damage compared to the other districts. In Merkez, the preearthquake buildings were generally four-or five-storey high-rises lacking suitable ground conditions and constructed according to an adjacent system without respect to proper construction techniques or building codes. Therefore, the earthquake damage ratio was higher. Consequently, the number of buildings constructed after the earthquake was greater due to the destruction of most of the pre-earthquake buildings. The number of pre-earthquake buildings was 123, while the number constructed post-earthquake was 435. This situation is an indication that new structures had replaced destroyed buildings. The most significant reason for Merkez as a popular residential choice is the presence of public institutions and facilities located in this district as part of the town center. Whereas 54 buildings were found to be in suitable areas, 26 buildings were situated in unsuitable areas. As a part of Merkez is positioned in areas classed as unstable ground and due to the heavy population concentration in this district, it is essential that further detailed examinations and research studies be conducted for this district.
Kumluca
Kumluca is located near the center of the town along the D-100 highway, and consists mostly of flat terrain. The number of buildings analyzed within this study concept was 286. According to the Ministry report, 191 buildings were destroyed or heavily damaged, 28 moderately damaged, 14 lightly damaged and 16 undamaged post-earthquake in Kumluca. The earthquake-damaged building rate was high in this district. Therefore, the number of buildings constructed post-earthquake was almost double those constructed pre-earthquake. According to the suitability map, 30 buildings were located in suitable areas, while two were located in unsuitable areas.
Eskiköy
Compared to the other districts, Eskiköy has the highest elevation, located at altitudes ranging between 450 and 600 m. Eskiköy is situated on firm ground and is 3-4 km from the town center. It has the lowest number of earthquake-damaged buildings. The number of buildings examined in the study context was 77, 71% of which were analyzed. Eskiköy buildings are scattered over rugged terrain.
Eskiköy is classed as a safe place for settlement in terms of earthquakes. The ground structure is rigid and the buildings are in traditional style, mostly having only one or two storeys. Thus, during the earthquake, this district suffered the least amount of damage. Based on the suitability map, 74 buildings were situated in suitable areas, and three in unsuitable areas. Eskiköy, due to the presence of low-rise buildings on firm ground, was shown to be a safe place for residence.
Results and Discussion
On the suitability map (Fig. 6 ) there are three probable natural disaster risk areas shown for the residential districts. The first one is the 6.5 km North Anatolian Fault Line passing through central Kaynaşlı and extending along in an east-west direction. Geological and geotechnical surveys have reported the fault line.
The fault line and the 20 m on either side designated as a buffer zone have been evaluated as an unsuitable area on the suitability map. The second area evaluated as an unsuitable area is the flooding area, comprising the 10-m buffer zones on either side of Asar Creek, which passes through and extends to the northwest of the residential areas in Kaynaşlı. The third is the landslide area southeast of the residential districts. These three risk areas were evaluated as unsuitable on the suitability map. During the field applications of the study, the information obtained on the buildings was compared by overlaying the building data in suitability terms using the ArcGIS program. Buildings on fault lines, in flood risk areas, and in landslide areas were evaluated as being in disaster risk areas. In Table 5 , which was created based on the suitability map, the distribution of buildings in all districts can be seen. Çele  138  --17  --57  15  Merkez  54  45  157  -206  47  23  26  Şimşir  18  -28  30  -90  88  7  Karaçalı  16  -60  -107  108  101  6  Kumluca  30  -162  -80  -12  2  Sarıyer  69  ---178  58  --Eskiköy  74  ------3 Çele, with 138 buildings, was the district having the highest number of buildings lying in suitable areas. The district with the lowest number of buildings situated in suitable areas was Kumluca, with two buildings. Merkez was the district with the highest number of buildings found in unsuitable areas, with 26 buildings, while in Sarıyer no buildings were located in unsuitable areas. The precautionary areas remaining outside of the suitable and unsuitable areas (PA1, PA2, PA3, PA4, PA5, and PA6) were classified as presenting no problems for building construction, provided that measures outlined in the report regarding building foundations and drainage are carried out. A total of 1654 buildings were found to be present in the precautionary areas of all districts. The Kaynaşlı building inventory information as per the suitability map (Fig. 8) was determined according to field work. Of the buildings placed on the suitability map, 78% (1654 buildings) are located in precautionary areas, whereas 19% (399 buildings) are in suitable areas. The 59 buildings located in unsuitable areas account for 3% of the total number of buildings, with 18 of these constructed pre-earthquake and 41 post-earthquake. This situation indicates that post-earthquake building construction was carried out in unsuitable areas without referencing the suitability maps. The buildings located in unsuitable areas can be more vulnerable to disaster risks. The 18 buildings constructed in unsuitable areas before the 17 August 1999 Marmara and 12 November 1999 Düzce earthquakes were subsequently exposed to these seismic events, yet they continue to be used. The prior exposure of these buildings to two large earthquakes and the fact that they are not in accordance with the new construction requirements have targeted them as high risk. Necessary measures must be taken by the local authorities in such cases to minimize the risk and prevent further damage after a future earthquake.
Conclusion
As a result of the study, raster (non-digital) suitability maps from the geological-geotechnical survey report of 2005 conducted by the ZETA Company were digitized in the ArcGIS program and entered into a database. This map was subsequently used as a base to ensure that settlement suitability could be determined as quickly as possible in order to make a disaster preparedness analysis of the pre-existing and newly constructed buildings in the residential areas. Field surveys were conducted in Kaynaşlı by inspecting the premises, and the data of 2112 buildings were collected via the street screening method according to their pre-or postearthquake construction dates. These data were transferred to the ArcGIS database and analyzed based on the suitability map. All the information obtained from the results of the analyses was shared with the local authorities. According to the physical inventory information, a sustainable data bank was created with the purpose of facilitating the necessary measures for disaster preparedness to be taken by the local authorities in Kaynaşlı.
